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INTRODUCTION 

The r e l a t i v e l y  untapped reserves  of l i g n i t e  coa ls  in the  western United S ta tes  

Thus they 
have generated a l a r g e  amount of i n t e r e s t  in the  past  few years .  
l i g n i t e s  e x i s t  in r e l a t i v e l y  th ick  seams which are c lose  t o  t h e  surface. 
a r e  amenable t o  ex t rac t ion  a t  a low cos t .  
i n  coal conversion processes than coa ls  of higher rank. 
behavior a r e  not w e l l  understood. 
coa ls  is the amount of ion-exchangeable inorganics. 
taken t o  be ca t ions  in assoc ia t ion  with carboxyl groups. 
t o  be responsible for  c a t a l y s i s  of gas i f ica t ion ,  formation of c a l c i t e  during lique- 
fac t ion ,  and the behavior of l i g n i t e  ash during combustion. 
of t h i s  organic-inorganic system has not been s a t i s f a c t o r i l y  accomplished f o r  
American l ign i tes .  

In  general, 

These coa ls  tend t o  reac t  q u i t e  d i f fe ren t ly  
A l l  of the reasons f o r  t h i s  

One of the c h a r a c t e r i s t i c s  pecul iar  t o  low rank 
These inorganics a r e  usually 

These ca t ions  a r e  believed 

However, character izat ion 

The research described here  w a s  concerned with the  character izat ion of t h e  
ion-exchangeable ca t ions  and the carboxyl groups with which they a r e  associated f o r  
th ree  important deposi ts  of American l i g n i t e s .  
ion-exchange techniques, u t i l i z i n g  ammonium a c e t a t e  and barium ace ta te ,  respect ively.  
The cat ions analyzed for  were Na, K,  Mg, Ca, Sr ,  and B a .  
major d i scre te  mineral phases present i n  t h e  l i g n i t e s  have been determined. 
was accomplished by the use of semi-quantitative x-ray d i f f r a c t i o n  and infrared 
spectroscopy techniques. 

This has  been accomplished by 

Also the  amounts of the 
This 

EXPERINENTAL 

The carboxyl group ana lys i s  was modeled a f t e r  t h a t  of Schaefer (1,Z). Br ie f ly ,  
demineralized c o a l  (3) which has been ground in  N 2  t o  pass 200 mesh is  mixed with 
1 N  barium ace ta te  solut ion a t  a pH equaling 8.25 t o  8.30. The s l u r r y  i s  refluxed 
in a f l a s k  through which pur i f ied  N 2  i s  passed t o  prevent oxidat ion of the coal  and 
subsequent formation of barium carbonate. After  4 h r ,  the  solut ion is cooled, the 
pH recorded, and enough 0.05 N barium hydroxide is added t o  r e s t o r e  the  o r i g i n a l  pH 
of the solut ion.  After th ree  4 hr  periods, the  s l u r r y  i s  f i l t e r e d  under N2 and 
washed with 1 N  sodium ace ta te  a t  a pH equaling 8.25 no 8.30. The hydrogen ions 
released from the exchange a r e  quant i f ied by the t o t a l  amount of barium hydroxide 
added to  the solut ion.  
0 .2  N perchlor ic  acid f o r  20 min. 
spectrometry. 

The exchanged barium is  then removed by boi l ing  the  coa l  i n  
The barium released is  quant i f ied by emission 

The ca t ions  were analyzed by ex t rac t ion  of the c o a l  with 1 N  ammonium ace ta te  
a s  suggested by Mil ler  ( 4 ) .  Using t h i s  procedure, t h e  coa l  is s t i r r e d  a t  room 
temperature in t h e  ammonium ace ta te  solut ion (pH equals 7.0 t o  7.2) f o r  3 hr. The 
s l u r r y  is then f i l t e r e d  and the  coa l  t ransfer red  back t o  the beaker with f resh  
ammonium ace ta te  f o r  another 3 h r  ex t rac t ion .  This i s  followed by three  more 3 hr 
ex t rac t ions ,  followed by ex t rac t ion  overnight and a f i n a l  3 h r  period i n  the morning. 
Each of the  e x t r a c t s  is then analyzed f o r  N a ,  K ,  Mg, C a ,  S r ,  and Ba by emission 
spectrometry. 
exchange s ince t h e  exis tence of any ca t ions  i n  the  s l u r r y  w i l l  r e s u l t  i n  an 
equilibrium value on the coal .  

The use of f r e s h  amnonium ace ta te  i s  e s s e n t i a l  t o  achieve complete 
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Characterization of d i s c r e t e  mineral phases present i n  the  low temperature 

The procedure f o r  LTA follows tha t  described by Miller ( 4 ) .  
ash (LTA) of the  lignites was accomplished by x-ray d i f f r a c t i o n  and infrared spec- 
troscopy. 
quartz ,  and p y r i t e  a r e  analyzed by x-ray d i f f r a c t i o n ,  while k a o l i n i t e  and anhydrite 
a r e  analyzed by inf ra red  spectroscopy. 
by Jenkins and Walker (5).  It has been shown ( 4 , 5 )  that mineral phases can form i n  
the  LTA process when l i g n i t e s  a r e  ashed. 
carbon, and oxygen t o  form carbonates and s u l f a t e s .  
mineralogical analjjses of bcth the TT' l ig-i tes = id  the  z~eni1l.-  a c e t i t e  t reated 
l i g n i t e s  were performed. 

Calc i te ,  

Techniques f o r  these analyses  a r e  described 

T h a t  i s ,  ca t ions  present f i x  s u l f u r ,  
In  order t o  study t h i s  phenomenon, 

RESULTS AND DISCUSSION 

Table 1 shows the r e s u l t s  of the carboxyl group analysis .  Each value, calcu- 
l a t e d  from the  t i t r a t i o n  results, represents  the average of six t o  e ight  runs, with 
the  value of one standard deviat ion a l s o  shown. In order t o  inves t iga te  the  acces- 
s i b i l i t y  of t h e  carboxyl groups t o  the reagent, both minus 80 and minus 200 mesh 
f rac t ions  of PSOC 623 were invest igated.  
t h e  resu l t s .  Table 1 a l s o  shows carboxyl group values calculated using the  barium 
re lease  method for  selected runs. Carboxyl group contents  a r e  calculated assuming 
t h a t  two carboxyl groups are exchanged with one barium ion. 
these  r e s u l t s  supports t h i s  assumption and confirms the  accuracy of the  technique. 
The choice of th ree  4 h r  re f luxes  w a s  based on the  f ind ing  t h a t ,  i n  a l l  cases ,  l ess  
than 5% of the  carboxyl groups were exchanged i n  the  f i n a l  4 h r  period. The oxygen 
contained in the  carboxyl groups of these  coa ls  accounts f o r  46% (North Dakota), 
37% (Texas), and 42% (Montana) of the  oxygen by difference value calculated i n  the 
ul t imate  analysis .  

There w a s  no e f f e c t  of p a r t i c l e  s i z e  on 

Close agreement of 

TABLE 1. CARBOXYL CONTENTS OF LIGNITES 

PSOC Carboxyl Content, Mequiv/g DMMF 
Coal S t a t e  Seam T i t r a t i o n  Ba Released 

246 N .  Dakota Hagel 3 . 1 3  t 0 . 0 5  3 .24  

6 2 3  Texas Darco 2 . 1 1  2 0.08 2 . 2 2  

833 Montana Fort  Union 3 . 0 0  2 0 . 0 7  3.07 

- 

Table 2 lists concentrat ions of c a t i o n s  associated with carboxyl groups found 
on the  l i g n i t e s .  The values shown represent  the  average of four  runs and have a 
precis ion of 2 3% or b e t t e r .  
there  are  s ign i f icant  v a r i a t i o n s  in concentration of the  ca t ions  among the coals  
s tudied.  For these coa ls ,  i t  was estimated t h a t  43% (North Dakota), 44% (Texas), 
and 60% (Montana) of the t o t a l  carboxyl groups are associated with t h e  ca t ions  
l i s t e d  in  Table 2 .  The bas is  f o r  the se lec t ion  of a 27 h r  t o t a l  exchange time i s  
displayed in Figure 1, where the  cumulative percentage of the t o t a l  exchange versus 
time i s  p lo t ted  for  Mg and Ba. Magnesium is e s s e n t i a l l y  t o t a l l y  exchanged i n  12-15 
h r ,  while Ba exchange proceeds more slowly to  completion. 
evidence of other  inves t iga tors  ( 4 , 6 )  who show that Ba should be more s t rongly held 
than Mg. Among the divalent  ca t ions ,  the  ions with smaller hydrated ion r a d i i  have 
been found t o  be held most s t rongly.  

Since the ca t ions  a r e  

Calcium and Mg a r e  the  predominant cat ions.  However, 

These r e s u l t s  confirm the 

thought t o  be a c t i v e  c a t a l y t i c a l l y  in gas i f ica t ion  and 

Table 3 shows the CO, ( t o t a l )  surface 
l iquefact ion processes, i t  i s  of i n t e r e s t  t o  estimate the f r a c t i o n  of t o t a l  surface 
a rea  covered by the t o t a l  ca t ions  present .  - 
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areas  calculated from adsorption a t  25'C. the surface areas occupied by the carboxyl 
groups calculated by assuming 7 . 7  A2 p e r  s i t e  o r  carboxyl group, and the  perecentages 
of the C02 surface area occupied by the t o t a l  carboxyl groups and ca t ions  associated 
with carboxyl groups. 
the carboxyl groups and by those associated with ca t ions .  

A s ign i f icant  port ion of the COP surface a r e a  is covered by 

TABLE 2. CATION CONTENTS OF LIGNITES ASSOCIATED WITH CARBOXYL GROUPS 

PSOC 
Coal - 

246 

623 

833 

PSOC 
Coal - 

246 

623 

833 

Cation Concentrations, g/g DMMF 
Tota l  - X C a  Na K Ba Sr  

34 .4  171 27 .8  1 . 8 9  6 . 5 1  3.30 244.9 

22 .6  12 9 8 . 6 9  3 .42  3.36 2 .38  169 .5  

5 9 . 8  212 10.0 5 . 3 0  1 0 . 9  3 .34  301.3 

TABLE 3. SURFACE AREAS OF AND GROW COVERAGES ON LIGNITES 

Coverage of CO, Surface Area, % 
2 Carboxyl Carboxyl - By Cations 

200 130 65 28 

180 78 43  19 

210 128 6 1  37 

2 Surface Areas, m f g  DMMF 

Results of the  mineral matter ana lys i s  a r e  summarized in Table 4 .  Each value 
corresponds t o  t r i p l i c a t e  determinations. I n  general, a reproducib i l i ty  of f 2-4% 
(absolute) i s  found. 
than x-ray d i f f rac t ion ,  and the  la rger  values a r e  more r e l a t i v e l y  precise  than the 
smaller ones. The e f f e c t  of the presence of ca t ions  i n  the  r a w  l i g n i t e s  on the  
mineral matter ana lys i s  i s  seen. The amunt  of LTA decreased by up t o  50%, when 
the  ca t ions  were removed from the l i g n i t e s  pr ior  t o  ashing. 
c a l c i t e  and anhydrite can a l s o  be seen. These r e s u l t s  show c l e a r l y  t h a t  the y ie ld  
of LTA produced from raw l i g n i t e s  i s  enhanced by t h e  formation of s u l f a t e s  and 
carbonates. One would predic t  the  exis tence of other  carbonates and s u l f a t e s ,  but 
t h e i r  concentrations would be too low t o  observe by t h e  techniques used. 

Infrared spectroscopy showed a greater  degree of precis ion 

The disappearance of 

CONCLUSIONS 

1) 
groups and exchanged cat ions a r e  r e l a t i v e l y  precise ,  simple, and s u i t a b l e  f o r  charac- 
t e r i z a t i o n  of American l i g n i t e s .  

2)  Calcium and Mg are t h e  major ca t ions  in  the  coals  s tudied,  but  considerable 
var ia t ions  i n  absolute  and r e l a t i v e  concentrations e x i s t  among the  ca t ions  analyzed. 

3) 
areas  of the l i g n i t e s .  

4)  
procedure, which is  mainly due t o  cat ion f i x a t i o n  of C02 and SO 

The ion exchange techniques described i n  t h i s  p a p e r  t o  def ine the  carboxyl 

The cat ions and carboxyl groups cover a s i g n i f i c a n t  f r a c t i o n  of the C02 surface 

up t o  50% of the LTA of the  raw l i g n i t e s  s tudied is an a r t i f a c t  of the ashing 
to  form carbonates 2 
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and su l fa tes .  

5) The r e a l  s ignif icance of t h i s  work l i e s  i n  t h e  a l j i l i t y  t o  cor rec t ly  character ize  
t h e  inorganics i n  l i g n i t e s .  
inorganics on coal  conversion processes  and combustion can be more f u l l y  understood. 

With t h e  information gained by such analyses, e f f e c t s  of I 

LTA, w t  %/g 
Coal Dry Kaol ini te  Quartz P y r i t e  Calcite 

PSOC 246 
* 

Raw 11.5 5 9 n i l  11 
NH4Ac 5.9 8 15 n i l  n i l  

PSOC 623 

Raw 20.5 41 12 n i l  2 
NH4Ac 16.9 41 12 n i l  n i l  

PSOC 833 

Raw 17.4 20 19  n i l  16 
NH4Ac 8.7 41 26 n i  1 n i l  

Anhydrite 

21 
1 

14 
1 

10 
4 

Others 

54 
76 

21 
46 

35 
29 

*minerals detected but  in q u a n t i t i e s  too small t o  quant i fy .  
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Figure 1. REMOVAL OF CATIONS FROM CARBOXYL GROUPS ON LIGNITE PSOC-246 IN AMMONIUM ACETATE SOLUTION 
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